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(54) Power supply unit 

(57) A power supply unit capable of simplifying the 
structure of a battery case and improving the cooling ef- 
ficiency by Increasing the cross sectional area of a cool- 
ant passage. A power supply unit includes a battery 
case 2; a plurality of battery modules 3 disposed in par- 
allel, each battery module 3 is composed of three cells 
7 connected in series in a row, and the front end and the 
rear end of the battery module 3 are held by the front 



part and the rear part of the battery case 2; a cooling fan 
for forcing a cooling air to flow in the passage between 
the neighboring battery modules 3; a shielding plate 14 
for shielding the cooling air from the battery module 3, 
which is placed at the upstream side of the passage and; 
a rectifying fin 1 8 for increasing the flow rate of the cool- 
ing air, which Is placed at the downstream side of the 
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Description 

[0001 ] The present invention relates to a power sup- 
ply unit Including a number of cells connected In series 
and being used for an electric vehicle such as a pure 
electric car, etc. In more detail, the present Invention re- 
lates to a radiator of cells constituting the power supply 
unit. 

[0002] In general, in an electric vehicle such as a pure 
electric car, etc., In order to supply a motor etc. with elec- 
tric power for driving a vehicle, a power supply unit in- 
cluding a number of cells connected In series Is mount- 
ed. In this way, a number of cells connected in series 
are used as a power supply unit of an electric vehicle, It 
Is necessary to dispose a plurality of cells densely from 
the viewpoint of space efficiency, etc. Therefore, plural 
rows of storage batteries In which a plurality of cells ar- 
ranged in a row and electrically connected in series are 
disposed in parallel. 

[0003] When a plurality ol cells are disposed densely 
as mentioned above, the temperature In the power sup- 
ply unit is raised due to heat generation, Joule heat or 
the like of the cells, thus raising the temperature of each 
cell. Therefore, conventionally, a method for suppress- 
ing the temperature rise of each cell by allowing a cool- 
ant such as air, etc. to circulate between cells has been 
employed. 

[0004] However, the conventional cooling method In- 
creases the difference In temperature between cells, 
which may lead "to a variation of the battery perform- 
ance, for example, charge-discharge capacity or life, 
etc., between cells. Therefore, the reliability as a power 
supply unit was low. 

[0005] In order to reduce the difference In tempera- 
ture between ceils, JP10 (1998}-3950A proposes a 
power supply unit Including a group of storage batteries 
in which plural rows of storage batteries including a plu- 
rality of cells connected in series in a row are disposed 
In parallel above and below and left and right of a coolant 
passage for allowing a coolant to circulate between the 
rows of the storage battery, wherein the coolant pas- 
sage includes a main coolant passage that is exposed 
to the cells within the same storage battery row and a 
sub-coolant passage whose upstream side is separated 
from the storage battery row and whose downstream 
end is connected to the main coolant passage at the po- 
sition corresponding to the midstream or downstream 
end of the storage battery row. With this configuration, 
the following effects can be obtained. Namely, the tem- 
perature of the coolant circulating in the main coolant 
passage is increased by the endothermfcfrom the cells 
of the upstream of thestorage battery rows and the cool- 
ing efficiency at the midstream and downstream is de- 
teriorated. However, In the midstream and the down- 
stream of the main coolant passage, by combining the 
coolant circulating in the main coolant passage with a 
I ow temperature coolant, the temperature of the cool ant 
Is lowered. Thus, the cooling efficiency of the cells at the 



further downstream can be enhanced to reduce the dif- 
ference in temperatures within the storage battery row. 
[0006] However, there is a problem in that with the 
configuration of the power supply unit suggested In 

5 JP1 0 (1 998)-3950A, the structure of the case housing 
the storage battery row (battery module) becomes com- 
plicated. Namely, a battery holding member for holding 
the storage battery. row (battery module) Is necessary, 
and also an idea for forming a sub-coolant passage, or 

10 for connecting the main coolant passage with the sub- 
coolant passage at the position corresponding to the 
midstream or downstream of the storage battery row 
(battery module) is necessary. Furthermore, since the 
cross-sectional area of the passage is small, the pres- 

i* sure loss of the coolant Is Increased, thus deteriorating 
the cooling efficiency. 

[0007] It is an object of the present Invention to pro- 
vide a power supply unit in which the structure of the 
battery case can be si mp lifted and a cross sect lo nal area 
20 of the passage Is Increased to Improve the cooling effi- 
ciency. 

[0008] In order to achieve the above-mentioned ob- 
ject, a power supply unit according to the present Inven- 
tion includes; a battery case, a plurality of battery mod- 

25 ules disposed in parallel, each battery module being 
composed of three cells or less connected In series, and 
the front end and the rear end of the battery module be- 
ing held by the front part and the rear part of the battery 
case, a cooling system for forcing a coolant to flow In a 

so passage between the neighboring battery modules, and 
a shielding system placed at the upstream side of the 
coolant passage and shielding the coolantfrom the bat- 
tery module. According to the configuration of this power 
supply unit, since each battery module is composed of 

35 three cells or less, when the front end and the rear end 
of the battery module are held by the front part and the 
rear part of the battery case, the cells positioned in the 
middle pari are held securely by the cells positioned at 
both ends. Consequently, ft Is possible to prevent the 

40 connection parts of the battery module from being devi- 
ated or detached from each other due to the vibration 
from the outside. Therefore, since a battery holding 
member other than the holding means for the front part 
and the rear part of the battery case is not required, the 

<5 structure of the battery case can be simplified. Further- 
more, for the same reason, 6lnce a cross-sectional area 
of the passage between the neighboring battery mod- 
ules can be Increased, it Is possible to reduce the pres- 
sure loss of the coolant and to improve the cooling eff i- 

50 ciency. Furthermore, since the means for shielding the 
coolant from the battery module is provided at the up- 
stream side of the coolant passage, the heat amount 
that the coolant entering the passage between the 
neighboring battery modules within the battery case can 

55 absorb from the cell placed at the upstream side is re- 
duced. Therefore, since the temperature of the coolant 
is not Increased due to the heat of the cell placed at the 
upstream side of the coolant passage, It Is possible to 
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cool the cell at the midstream and downstream efficient- 
ly. In particular, since the battery module Is composed 
of three cells or less, as compared with the battery mod- 
ule composed of four cells or more, It Is possible to re- 
duce the variation in temperatures between cells. 
Therefore, the temperature difference between cells 
within the battery module can be reduced. Thus, it is 
possible to suppress the variation of the battery perform- 
ance such as charge/discharge capacity or life, etc. As 
a result, the reliability as a power supply unit can be en- 
hanced. 

[0009] Furthermore, it Is preferable that the configu- 
ration of the power supply unit of the present invention 
includes means for Increasing the flow rate of the cool- 
ant, the means being placed at the downstream side of 
the coolant passage. With this preferable configuration, 
It Is posslbl e to Improve the cooling efficiency of the cells 
positioned at the downstream side of the coolant pas- 
sage. Furthermore, in this case, it is preferable that the 
means for increasing the flow rate of the coolant is a 
wedge-shaped rectifying fin protruding Into the battery 
case. 

[0010] Furthermore, In the power supply unit of the 
present invention, it is preferable that a detachable first 
constraint plate is further provided at the front part of the 
battery case and the front end of the battery module is 
held by the first constraint plate. According to this con- 
figuration, after the battery module Is housed In the bat- 
tery case, the battery modules can beheld in the battery 
case. Furthermore, In this case, It Is preferable that ah 
_ air. inlet port is provided in the first constrained plate, 
which Is placed between the neighboring battery mod- 
ules and draws the coolant Into the battery case from 
the outside, and the means for shielding the coolant 
from the battery module is Integrated into the first con- 
straint plate with the air Inlet port sandwiched therebe- 
tween. According to this preferable configuration, since 
the means for shielding the coolant from the battery 
module Is Integrated Into the first constraint plate, the 
number of the components can be reduced. 
[0011] Furthermore, It Is preferable In the power sup- 
ply unit of the present Invention that, the means for 
shielding the coolant from a battery module Is provided 
approximately in parallel to the battery modules while 
protruding Into the battery case. 
[0012] Furthermore, It Is preferable that the power 
supply unit of the present Invention satisfies the relation- 
ship: U2 < m s L, where L denotes a length of the cell, 
and m denotes a length of the shielding system for 
shielding the coolant from the battery module. Accord- 
ing to this preferable configuration, heat exchange 
amount can be reduced. 

[0013] Furthermore, in the power supply unit of the 
present invention, it Is preferable that a second con- 
straint plate is further provided at the rear part of the 
battery case and the rear end of the battery module is 
held by the second constraint plate. Furthermore, In this 
case, ft Is preferable that an exhaust port for exhausting 



the coolant to the outside from the inside of the battery 
case Is provided In the second constraint plate, and a 
means for increasing the flow rate of the coolant is inte- 
grated Into the second constraint plate, According to this 
5 preferable configuration, slncethe means for increasing 
the flow rate of the coolant Is Integrated Into the second 
constraint plate, the number of the components can be 
reduced. 

[0014] Fig. 1 is a perspective view showing a power 
10 supply unit according to an embodiment of the present 
invention. 

[0015] Fig. 2 Is a cross sectional view taken on line A- 
A of Fig. 1. 

[0016] Hereinafter, the present Invention will be de- 

13 scribed more specifically by way of embodiments. 
[0017] Fig. 1 Is a perspective view showing a power 
supply unit according to an embodiment of the present 
Invention; and Fig. 2 Is a cross sectional view taken on 
line A-A of Fig. 1 . 

20 [0018] As shown in Figs. 1 and 2, the power supply 
unit 1 Includes a battery case 2, a plurality of battery 
modules 3, an air introduction duct 4, an air exhaust duct 
5, and a cooling fan 6. The battery modules 3 are housed 
In the battery case 2, and each battery module Is com- 

25 posed of a plurality of cells connected in series. The air 
Introduction duct 4 Introduces air (cooling air) as a cool- 
ant Into the battery case 2 from the outside, and the air 
exhaust duct 5 exhausts a cooling air from the Inside of 
the battery case 2 to the outside. The cooling fan 6 is 

30 "provided In the air exhaust duct 5, and forces the cooling 
air to circulate in the battery case 2. 
[0019] The battery module 3 Includes three ceils 7, for 
example, nickel -hydride secondary cells, connected In 
series In a row via connection rings 8. A Joint nut 9 is 

35 spot-welded to the connection ring 8 attached to a pos- 
itive terminal of the battery module 3. Likewise, a Joint 
nut 1 0 is spot-welded to the connection ring 8 attached 
to a negative terminal of the battery module 3. 
[0020] The battery case 2 has an upper stage and a 

<o lower stage. Both in the upper stage and lower stage, a 
plurality of battery modules 3 are arranged In parallel. 
[0021] In the front part of the battery case 2, a first 
constraint plate 11 Is attached detachably. The first con- 
straint plate 11 is provided with nut through holes 12 for 

<5 allowing the nut 9 placed at the positive terminal or the 
nut 10 placed at the negative terminal to passage 
through and an air Inlet port 1 3 placed In the middle part 
between the upper and lower nut through holes 12. Fur- 
thermore, at the upper edge and lower edge of the air 

so inlet port 1 3, a couple of shielding plates 14, which are 
approximately In parallel with each other, are integrated 
Into the first constraint plate 11 while protruding Into the 
battery case 2. Thereby, the cooling air entering the pas- 
sage between the upper and lower battery modules 3 

55 from the air inlet port 13 is shielded by the shielding 
• plates 1 4 so that the amount of heat absorbed from the 
first cell 7 Is reduced. In this case, It Is desirable that the 
following relationship is satisfied; U2 < m ^ L (wherein 
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L denotes a length of the cell 7. and m denotes a length 
of the shielding plate 14). When the above-mentioned 
relationship is satisfied, it is possible to lower the heat 
exchange amount. Furthermore, by integrating the 
shielding plate 14 Into the first constraint plate 11 , it is 
also possible to reduce the number of the components. 
The upper and lower parts of the tirst constraint plate 1 1 
are provided with step parts so that the upper and lower 
ends of a fixing plate 21 provided with a plurality of bolt 
through holes can be attached Into contact therewith. 
Thus, the bolt 20 is welded to the nut 9 and the nut 10 
via the fixing plate 21. 

[0022] In the rear part of the battery case 2, the sec- 
ond constraint plate 15 is fixed. Similar to the first con- 
straint plate 11 , the second constraint plate 1 5 Is provid- 
ed with a nut through hole 1S for allowing the nut 9 
placed at the positive terminal of the battery module 3 
or the nut 1 0 placed at the negative terminal of the bat- 
tery module 3 to passage through and a large number 
of exhaust ports 17. The circumference of the nut 
through hole 1 6 Is provided with a step partso that the 
circumference of a washer 1 9 can be placed Into contact 
with thereof. Thus, the bolt 20 Is tightened to the nut 9 
and nut 1 0 via the washer 19. Furthermore, in the middle 
part between the upper and lower nut through holes 16, 
a wedge-shaped rectllylng fin 18 is Integrated Into the 
second constraint plate 1 5 while protruding into the bat- 
tery case 2. Thereby, since a cross sectional area of a 
passage between third cells 7 Is reduced, the flow rate 
of the cooling air entering from the air inlet port 13 Is- 
increased around the third cell 7. In this case, by inte- 
grating the rectifying fin 18 Into the second constraint 
plate 15, it is possible to reduce the number of compo- 
nents. 

[0023] Next, a method for assembling the power sup- 
ply unit 1 having the above-mentioned structure will be 
described briefly. 

[0024] First, the battery modules 3 are inserted into 
the battery case 2 from the front part of the battery case 
2 with the polarities alternated; and then the nut 9 placed 
at the positive terminal of the battery module 3 and the 
nut 10 placed at the negative terminal of the battery 
module 3 are allowed to passage through the nut 
through hole 16 formed on the second constraint plate 
15. Next, the first constraint plate 11 Is Inserted into the 
battery case 2 from the front part and the nut 1 0 placed 
at the negative terminal of the battery module 3 and the 
nut 9 placed at the positive terminal of the battery mod- 
ule 3 are allowed to passage through the nut through 
hole 12 formed on the first constraint plate 11 . Next, a 
bolt 20 Is tightened temporarily with respect to the nuts 
9 and 10 passing through the nut through hole 16 of the 
second constraint plate 1 5 via the washer 19, and at the 
same time, the bolt 20 Is tightened temporarily with re- 
spect to the nuts 10 and 9 passing through the nut 
through hole 12 of the first constraint plate 11 via the 
fixing plate 21 . Next, all bolts are tightened firmly, and a 
plurality of battery modules 3 are housed In a state In 
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which they are fixed In the battery case 2. 
[0025] Next, the air Introducing duct 4 Is attached to 
the front part of the battery case 2, and the air exhaust 
duct 5 equipped with a cooling fan 6 Is attached to the 
5 rear part of the battery case 2. Thus, it Is possible to 
obtain a power supply unit 1 Including a large number 
of cells 7 connected in series and equipped with a radi- 
ator. 

[0026] As mentioned above, In this embodiment, 

10 since each battery module 3 Is composed of three cells 
7, when the positive terminal and negative terminal are 
held In the front part and rear part of the battery case 2, 
the cell 7 placed in the middle is secured reliably by the 
cells placed on both ends. As a result, ft Is possible to 

is prevent the connecting part (connection ring B) of the 
battery modules 3 from being deviated or detached due 
to vibration from the outside. Therefore, since a battery 
holding member other than the holding means for the 
front part and the rear part of the battery case 2 Is not 

20 required, the structure of the battery case 2 can be sim- 
plified. Furthermore, for the same reason, since the 
cross sectional area of the passage between the upper 
battery module and the lower parts of the battery module 
can be increased, it is possible to improve the cooling 

25 efficiency by reducing the pressure loss of the coolant. 
[0027] Next, a method tor radiating heat from the cell 
7 in the power supply unit 1 having theabove-mentioned 
structure will be described. 

[0028] When a cooling fan 6 operates, air (cooling air) 

so is Introduced Into the battery case 2. from the outside 
through the air introducing duct 4 attached to the front 
part of the battery case 2 and the air inlet port 1 3 formed 
In the first constraint plate 1 1 . The cooling air Introduced 
Into the battery case 2 flows toward the second con- 

ss straint plate 15 placed at the rear part of the battery case 
2 through the passage between th e upper and lower bat- 
tery modules 3. The cooling air reaching to the rear part 
of the battery case 2 is exhausted to the outside through 
the exhaust port 17 formed on the second constraint 

40 plate 1 5 and the air exhaust duct 5. 

[0029] In this case, at the upper edge and the lower 
edge o1 the air inlet port 13, a couple of shielding plates 
14 are provided approximately in parallel while protrud- 
ing into the battery case 2. Thus, the cooling air entering 

45 from the air Inlet port 13 to the passage between the 
upper and lower battery modules Is shielded by the 
shielding plates 1 4. Thus, the amount of heat absorbed 
from the first cell 7 Is reduced. Therefore, since the tem- 
perature of the cooling air is not increased due to the 

so neatfrom the first cell 7, the second and third cells 7 can 
be cooled efficiently by the cooling air. In particular, In 
this embodiment, since each battery module 3 Is com- 
posed of three cells 7, as compared with the case where 
each battery module Is composed of fourcells 7 ormore, 

55 it is possible to reduce the variation of temperature be- 
tween the cells 7. 

[0030] Furthermore, In the middle part between the 
upperand lower nut through holes 1 6 of the second con- 
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stralnt plats 1 5, a wedge-shaped rectifying fin 1 B Is pro- 
vided while protruding Into the battery case 2. Therefore, 
the flow rate of the cooling air entering from the air inlet 
port 13 Is Increased around the third cell 7 by the recti- 
fying fin 1 8. Therefore, It Is possible to improve the cool- 5 
Ing efficiency of the third cell 7. 
[0031 J Therefore, since it is possible to reduce the dif- 
ference of temperature between the cells 7 In the battery 
module 3, ft is possible to suppress the variation of the 
battery performance such as charge/discharge capacity w 
or life, etc. As a result, the reliability of the power supply 
unit can be enhanced. 

[0032] A power supply unit capable of simplifying the 
structure of a battery case and improving the cooling ef- 
ficiency by Increasing the cross sectional area of a cool- « 
ant passage. A power supply unit includes a battery 
case 2; a plurality of battery modules 3 disposed in par- 
allel, each battery module 3 is composed of three cells 
7 connected In series In a row, and the front end and the 
rear end of the battery module 3 are held by the front 20 
part and the rear part of the battery case 2 ; a cooling fan 
for forcing a cooling air to flow in the passage between 
the neighboring battery modules 3; a shielding plate 14 
for shielding the cooling air from the battery module 3, 
which Is placed at the upstream side of the passage and; 25 
a rectifying fin 1 8 tor Increasing the flow rate of the cool- 
ing air, which is placed at the downstream side of the 
passage. 




M2 A1 B 

4. The power supply unit according 1o claim 3, wherein 
an air Inlet port for drawing the coolant Into the bat- 
tery case from the outside is provided on the first 
constraint plate, and the shielding means for shield- 
ing the coolant from the battery module are integrat- 
ed Into the first constraint plate with the air Inlet port 
sandwiched between the shielding means. 

5. The power supply unit according to claim 1 or 4, 
wherein the means for shielding the coolant from 
the battery module is provided approximately In par- 
allel to the battery module while protruding Into the 
battery case. 

6. The power supply unit according to claim 1 or 4, 
wherein the following relationship is satisfied: 

U2<ms L, 

where L denotes a length of the cell, and m denotes 
a length of the shielding system for shielding the 
coolant from the battery module. 

7. Thepowersupplyunltaccordlngtoclalm 1, wherein 
a second constraint piate is provided at the rear part 
of the battery case and the rear end of the battery 
module Is held by the second constraint plate. 



Claims 

1. A power supply unit comprising 
a battery case, 

a plurality of battery modules disposed In par- 
allel, each battery module being composed of 
three cells or less connected in series in a row, 
. and the front end and the rear end of the battery 
module being held by a front part and a rear 
part of the battery case, 
a cooling system for forcing a coolant to flow In 
a passage between the neighboring battery 
modules, and 

a shielding system for shielding the coolant 
from the battery module, which Is placed at an 
upstream side of the passage. 



so 8. 
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The power supply unit according to claim 7, wherein 
an exhaust port for exhausting the coolant to the 
outside from the Inside of the battery case is pro- 
vided In the second constraint plate, and a means 
for Increasing the flow rate of the coolant Is Integrat- 
ed into the second constraint plate. 

The power supply unit according to claim 2 or 8, 
wherein the means for Increasing the flow rate of 
thecoolantlsawedge-shapedrectlfylngfln protrud- 
ing into the battery case. 



2. The power supply unit according to claim 1 , further 
comprising a means for increasing the flow rate of 
the coolant, placed at a downstream side of the pas- 
sage. 



50 



3. The power supply unit according to claim 1, wherein 
a detachable first constraint plate is further provided 55 
at the front part of the battery case and the front end 
of the battery module is held by the first constraint 
plate. 
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